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ECONOMIES OF SCALE IN PUBLIC EDUCATION:
AN ECONOMETRIC ANALYSIS
Kalyan Chakraborty, Basudeb Biswas, and W. Cris Lewis

ABSTRACT

This paper investigates the sources of scale economies in the production of public
education. The relationship between the average cost of producing educational output
and other school characteristics, including school and district size, is estimated using a
neoclassical cost function. The empirical analysis uses panel data from Utah school
districts, and estimates the function using the covariance and error component models
after making necessary corrections for heteroscedasticity and autocorrelation. The
evidence indicates that there are significant scale economies associated with both school
and district sizes.

/

ECONOMIES OF SCALE IN PUBLIC EDUCATION:
AN ECONOMETRIC ANALYSIS 1

1. INTRODUCTION AND BACKGROUND

The rationale for the consolidation of schools and school districts 2 in the United
States largely has been based on the expectation that it would result in a reduction in the
average cost of the educational services being provided; equivalently, it was thought that
there are significant economies of scale operating in the public education production
function. In general, this hypothesis has been confirmed by a large body of research.
For example, Riew (1966 and 1986) found scale economies in the operation of
high schools up to a size of 1,675 students and that there also are scale economies in
elementary school operation. Cohn's (1968) study of Iowa high schools reported similar
results as did Butler and Monk (1985) in their study of school districts in New York
State. Outside the United States, Bee and Dolton (1985) found that average cost declines
with increasing school size in England, and Kumar's (1983) study of Canadian schools
also concluded that economies of scale existed.
While most published research has confirmed the scale economies hypothesis, the
work of Callan and Santerre (1990), Tholkes (1991), and Monk (1990) is less confident
that additional consolidation would lead to unit cost reduction. In particular, Monk
argued that further cost reduction could be achieved by schools and districts sharing
regional facilities and administrative services without actual consolidation.
In this paper, the existence of economies of scale at both the school and district

levels is tested by estimating both a cost and an expenditure function using panel .data for
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Utah school districts for academic years (1982-83, 1987-88, and 1992-93). Both the
fixed-efforts and random-effects models are used, and the robustness of the estimation is
verified by controlling for autocorrelation and heteroscedasticity.
The empirical results of the estimation procedure indicate significant economies
of scale at both the school and district levels. After controlling for other influences, and
correcting for timewise autocorrelation and cross-sectional heteroscedasticity, the effect
of increased size of school and district is to reduce per unit cost.
The paper is organized as follows. First, the theory underlying the development
of the cost and expenditure functions is outlined. Next, the data set is described and a
summary of descriptive statistics presented. Then the parameter estimation procedures
are reviewed and the empirical results presented. The final section includes summary
comments.

/

II. DEVELOPING THE COST FUNCTION
The model described below was specified by Downes and Pogue (1994) in their
estimation of cost functions for Arizona's elementary and secondary education system.
The authors started with the standard cost function or the dual of neoclassical production
function. The conventional specification is the log-linear relation -between the total cost
as the dependent variable and the quantity of output, input prices, measures of attributes
of the school district as explanatory variables with a stochastic disturbance term added to
the equation. The problem arises when public sector output cannot be measured
satisfactorily. Since output is not observable, Chambers (1978), Bradbury et al. (1984),
Ladd and Yinger (1989), and Ratcliffe, Riddle, and Yinger (1990) suggest a method of
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estimating output as a function of some exogenous variables, one of which is the median
income of families. The expenditure function is derived by substituting these variables for
output into the cost function. The basic underlying assumption is that there is no lag in
the adjustment between community's actual and preferred output. Consistent estimates
of the parameters in both the cost and expenditure functions are dependent on the correct
measure of output and correct specification of the expenditure function.
In this study, cost function parameters are estimated both directly and indirectly

(by using the expenditure function) and compared. It is found that economies of scale
exist both at the school level and district level although the effects are stronger at the
district level.
The comparison is important because the two methods require different
information and impose different degrees of structure. Direct estimation of the cost

/

function requires measurement of public sector outputs, while identification of these
parameters from an estimated expenditure function does not require that output be
measured. However, identification does require specific assumptions about how
community's spending is determined.
Each school districe can be thought of as producing a vector of outputs, Q, using
a vector of inputs, X Hence, the underlying cost function in this production relationship
for community j at time tis:

C()

=

pX = c(Q, p, S) , such that f(x)

=

Q,

(1)

where C is total cost, p is a vector of input prices, and S is a vector of variables that
measure those attributes of the school district that influence cost. Given data on outputs,

4

input prices, and school district characteristics, the cost function can be estimated directly
and will show the cost of producing each output vector dependent on input prices and the
community specific characteristics.
While it can be argued that the output of an educational production function may
be measured by standardized test scores, satisfactory measures of output for most public
sector production units are not available. Estimating the cost function from a reduced
form expenditure function generally offers a solution to that problem.
Assume that each school district's output vector, Q, depends on a set of demand
variables, D, as well as on each cost factor (i.e., variables p and S) and may be written as:
(2)

Q=/(D,p,S).
An expenditure function for the school district is obtained by substituting (2) in (1), as:
C = c[/(D,p,S),p,S]

= e(D,p,S).

(3)

The estimation of this expenditure function does not require data on outputs. However,
the parameter estimates of each cost factor (i.e., each element of p and S) in equation (3)
underestimate their true effect on cost because these parameters reflect their effects on
costs as well as demand. As shown by Downes and Pogue (1994) and Gertler and
Waldman (1992), parameters of the cost function may be identified from the reduced
form expenditure function via exclusion restrictions, which mean that there are variables
denoted by D (the median voter's income in this case) that influence community demand
but not cost. We assume that median voter's income affects demand for education but
not the cost of education.

/
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If we assume that the production function is homothetic and cost per unit of
output is constant, then the cost function may be written as the product of that output
aggregate and the per unit cost of output g(p,S):
C

=

c(Q, p , S)

=

q(Q) * g(p, S).

(4)

This specific form leads to a log-linear specification of the cost function g(.), that shows
the proportion by which the cost of a given combination of output changes when p and S
change. Ifwe assume the underlying production function is of the Cobb-Douglas type
with constant returns to scale, then the cost function is linear in output. In this case, the
average cost, average variable cost, and the marginal cost functions are all the same. (See
Varian 1992.)
The specific log-linear form of equation (4),4 in terms of cost per student served
for school district i at time t, may be written as:

/

(5)
where the Qit are elements of aggregate output, a o is the intercept term and denotes the
location-specific effect capturing the effects of omitted variables, and
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is white noise.

The omitted variables may include the socioeconomic conditions of the district
population which affect cost through their effect on the productivity of the school
district's inputs. For example, higher teacher productivity is observed in districts where
most students come from a high socioeconomic background. Conversely, the cost of
providing education is higher in districts with a high proportion of students needing
special attention. 5 If the outputs, Qit' can be measured, equation (5) can be estimated
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directly. If outputs cannot be measured directly, then the determinants of output may be
used as proxies for the measure of output in equation (5).
Downes and Pogue (1994) estimated the expenditure function using median voter
theory, under which each community provides the median preferred output (i.e., that
preferred by the median income voter). This theory is widely used for the estimation of
individual demand or public expenditure functions from cross-sectional studies. (See
Barr and Davis 1966.) Among other explanatory variables, Downes and Pogue,6 used the
median voter's share of taxes and the median voter's income as affecting demand for
education.

III. THE DATA SET

The data set includes observations on each of Utah's 40 school districts for the
three academic years 1982-83, 1987-88, and 1992-93. (See Utah State Office of
Education 1983, 1988, 1993; and the Utah Education Association 1983, 1988, 1993.)
Table 1 compares district size and growth with expenditure per capita. As size increases,
average spending per student decreases. For the three years under study, expenditure per
student is about 40% lower in the large districts (i.e., those with 25,000 or more students)
than in the smaller districts (i.e., those with less than 1,000 students). Also per-unit
expenditure is inversely related to the district growth rate. Per-unit expenditure in
districts growing 20% or more between periods is almost 30% below that of districts that
declined in size. An initial explanation is that average cost will be lowest in a large,
growing district due to economies of scale; of course, the net effect of each component

/
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TABLE 1
Average Operating Expenditure Per Student and Size and Growth:
Utah School Districts: 1982-83, 1987-88, and 1992-93

District Size
(Students
<1,000
1,001-2,000
2,001-5,000
5,001-10,000
10,001-25,000
>25,000
Median

1982-83
Average
DisOperating
tricts
Expend.
8
7
9
7
5
4

$3,170
2,129
2,164
1,991
1,999
1,858
$2,060

1987-88
Average
DisOperating
tricts
Expend.
7
7
8
6
8
4

$3,389
2,743
2,741
2,476
2,409
2,191
$2,536

1992-93
Average
DisOperating
tricts
Expend.
6
7
9
6
6
6

%
Change
1982-93

$5,639
3,814
3,890
3,394
3,281
3,129
$3,594

43.8
44.2
44.3
41.3
39.1
40.6

-------------------------------------------------------------------------

District Growth Rate
>0%
6
0-10%
8
10-20%
12
>20%
14

$2,909
2,485
2,094
2,044

6
8
12
14

$3,624
3,104
2,467
2,505

6
8
12
14

$5,198
4,277
3,474
3,377

44.0
41.9
39.7
39.5

Source: Utah State Office of Education (1983, 1988, 1993).
./

(i.e., size and growth) is not indicated by these descriptive data nor are the effects of
quality accounted for.
Based on these data and the research described earlier, it is hypothesized that there
are economies of scale in both school and district size, and, therefore, the coefficients on
district size and school size in a regression context should be negative. This implies that
holding district size constant, if the number of schools in the district increases (i.e., the
school size decreases), this will lead to an increase in the average cost per student.
Finally, it is hypothesized that the demand measures should have a positive effect on
expenditures.

8

The cost of providing current educational services (C) is measured by operating
exp~nditure

per student. Since there is no uniform measure of educational output (Q),

most studies of educational production relationships measure output by standardized
achievement test scores, although some have used other qualitative measures such as
student attitudes, school attendance rates, and college continuation or drop-out rates.
However, because test scores were not available for all years under study, this analysis
uses the proportion of students graduating in each school district as a measure of
educational output. (See Cohn 1968.) The average 20-year salary for a teacher having a
B.A. degree is used as the input price (P) in the cost and expenditure functions. Because
there are no data on the median voter's share of taxes, only the median voter income, (i.e.,
per capita income in the community) is used as a demand variable (D) in the expenditure
function. Existence of high correlation between the median voter's income and his share
of the tax burden, makes income a reasonable proxy for tax share. Although the inclusion
of a proxy variable might cause a bias in the parameter estimate, we believe that this
would not alter the basic conclusions of this analysis, which is primarily methodological.
Variables accounting for district and the student-specific characteristics (S)
include the number of students in the district (i.e., district size) and the number of schools
in the district. Because of the log linear specification of our model, the school size
variable reduces to the number of schools in the district. Thus the independent variables
include: (i) the proportion of students graduating, (ii) per capita income, (iii) teacher's
salary, (iv) number of schools in a district, and (v) district size. Because of the exclusion
restriction, the cost function will include variables (i), (iii), (iv), and (v) and the
expenditure function will include (i), (ii), (iv), and (v). If there are scale economies, a

/
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negative sign on the coefficient of district size and a positive sign on the coefficient of the
number of schools are expected.

IV. ESTIMATION PROCEDURE AND ANALYSIS OF RESULTS
Examination of the 40 cross-sectional observations suggests that the behavior of
the disturbances indicate cross-sectional heteroscedasticity; this is due to districtwise
variation in the scale of all variables in the model. Hence, we would expect groupwise
heteroscedasticity but not timewise autocorrelation. This is because each school district is
observed at three separate five-year intervals, and, thus, any disturbance that occurred in
one year should not be serially correlated with the observations in the fifth or tenth year.
However, we may expect cross-sectional correlation of the disturbances across districts.
This is likely because the macroeconomic factors affect these districts in varying degrees.
J

The parameters of both cost and expenditure functions are estimated using two
econometric procedures applicable to panel data. The first tests the hypothesis about the
basic assumptions concerning the behavior of the stochastic disturbance term (£) and then
estimates the parameters after necessary corrections are made. That is, we tested for the
presence of groupwise heteroscedasticity, cross-sectional correlation, and timewise
autocorrelation in the cost function and the expenditure function. The three procedures
are: (i) the general test for heteroscedasticity and autocorrelation on pooled regression,
(ii) the test for groupwise heteroscedasticity and cross-sectional correlation, and (iii) the
test for groupwise heteroscedasticity and cross-sectional correlation with a common
autocorrelation. These procedures are discussed in the appendix, and a summary of the
various test results is reported in Table 2.
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TABLE 2
Summary of the Tests for Heteroscedasticity and Autocorrelation

Procedure 1:
Pooled Data

Cost Function
Exp. Function

General Test for Heteroscedastic and Autocorrelation
Test for
Test for
Heteroscedasticity (White)
Autocorrelation (DW)
~
~

Procedure 2:
Panel Data

Cost Function
Exp. Function

Not found
Not found

Groupwise Heteroscedastic and Timewise Autocorrelation
Test for
Test for
Heterroscedasticity (L.R. Wald)
Autocorrelation (LM)
~
~

Procedure 3:
Panel Data

Cost Function
Exp. Function

Found
Found

Not found
Not found

Found
Found

Groupwise Heteroscedastic and Cross-Sectional Correlation and
Autocorrelation
Test for
Test for
Heteroscedasticity (L.R. Wald)
Autocorrelation (LM)
~

~

Found
Not found

Found
Found

The second procedure estimates the parameters of the cost and expenditure
functions using the fixed-effect and random-effect models (also known as the covariance
model and the error component model, respectively). The basic idea behind the use of
the fixed- and random-effect models is that the effects of omitted variables that may
either stay constant over time for a given cross-sectional unit or are the same for all crosssectional units at a given point in time (or a combination of both) can be absorbed into the

/
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intercept tenn of a regression model. (See Hsiao 1993.) In the case of the covariance
model, the specific characteristic of a cross-sectional unit is a parameter (i.e., a separate
intercept tenn for each observation); for the error component model, the specific
characteristic of a cross-sectional unit is a nonnally distributed random variable (Kmenta
1986). The Hausman test is used to detennine which model (i.e., the fixed or random
effects model) is preferable for these data. The results are reported in Table 3.
The types of models stated above are especially useful in analyzing panel data
where data are typically observed for a large number of periods for a relatively small

TABLE 3
Estimates of the Cost and Expenditure Function Parameters
Dependent Variable: Ln(operating expenditure per student)

Variables

Ln(proportion of students graduating)

J

Cost Function
Fixed Effect
0.1657*
(3.408)

Ln(per capita income)
Ln(20-yr teacher salary)
Ln(students in district)
Ln(number of schools)
R-squared
F -statistic
Hausman test statistic

Expenditure Function
Fixed Effect

1.9468*
(22.674)
-0.3066*
(-3.179)
0.1057
(1.203)
0.9619
44.16
617

0.7444*
(8.251)
0.6458*
(8.778)
-0.3784*
(-3.501)
0.1039
(1.056)
0.9524
35.03
440

t-statistics are shown in parentheses.
*-indicates that the estimated coefficient is significant at or below the 5% level.
The Hausman statistic is based on fixed- vs. random-effect results from the
corresponding models.
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number of cross-sectional units. In our case, on the contrary, the data set consists of a
small number of periods for a relatively large number of units (i.e., 40 school districts are
observed over three separate years). Hence, our data set is arranged as three groups of 40
cross-sectional units, instead of 40 groups of three cross-sectional units. The estimation
results after making corrections for groupwise heteroscedasticity, cross-sectional
correlation, and autocorrelation are reported in Tables A-I, A-2, and A-3 in the appendix.
Although the estimated coefficients did not differ significantly before and after the
models were corrected, the standard errors and the t-statistics did change. Except for the
coefficient on the variable "graduates per student" in the cost function, most of the
coefficients are significant and have the hypothesized signs.
The fixed-effect and random-effect estimates differ mainly for the output variable
(i.e., graduates per student), where the coefficients differ by more than one standard
deviation. The estimated effects of other variables 7 are similar in case of both cost and
expenditure functions. The large values of the Hausman test statistics for random-versus
fixed-effect models also suggest the use of a fixed-effect model. Based on the F-test for
both the cost and expenditure functions, we fail to rej ect the null hypothesis that the
district-specific effects are fixed and reject the alternative hypothesis of random effects.
The results reported in Table 3 indicate that direct estimation of the cost function
generates highly significant coefficients on all of the explanatory variables except for
"number of schools," and all coefficients have the hypothesized signs. The results are
similar to that of the expenditure function. The positive coefficient on the measure of
output in the cost function suggests it costs more to produce more high school graduates,
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while the positive coefficient on the median voter's income suggests that a 1% increase in
the median voter's income would increase the expenditure by more than 0.35%.
The positive and highly significant coefficients on "teacher's salary" imply that
additional spending on resources will be productive. The negative and highly significant
coefficients on the variable "district size" in both cost and expenditure function indicates
that strong economies of scale exists at the district level (i.e., per-student cost decreases
as district size increases). Holding district size constant, the coefficient on "number of
schools" captures the effect of school size on cost per student. The positive coefficient on
this variable suggests that as the number of schools decreases, average cost per student
decreases. Obviously, if district size is held constant, as the number of schools within the
district decreases, average school size increases.

v.

SUMMARY

School funding issues remain controversial in the United States. In some areas
the issue is redistribution of property and other tax revenues from higher wealth or higher
income districts to those districts with less resources. In other states the issue is equality
in funding of school districts of differential size. Within the last two years, Wyoming
adapted a new school financing system that essentially reallocated significant resources
from smaller to larger districts. This has precipitated a lawsuit by the smaller districts in
which the issue of economies of scale is paramount.
The statistical results obtained from this study shows that economies of scale exist
both at the district and school levels for the Utah public education system. Although
district size is more significant than school size in reducing average cost per student, both
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are characterized by scale economies. Therefore, where feasible politically, cost
reduction may be achieved either by consolidation of the school districts or schools. It is
submitted that the analysis of panel data coupled with the adjustments for the
autocorrelation and heteroscedasticity (where found) strengthens the body of evidence
that finds significant scale economies in the production of public school service.
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VII. POOTNOTES

IAuthors are Post-Doctoral Research Associate, Agricultural and Applied
Economics, Texas Tech University, Lubbock, TX 79409-2132, and Professor and
Professor, Department of Economics, Utah State University, Logan, UT 84322-3530.
2Between 1942 and 1992, the number of school districts in the United States
declined from 108,579 to 14,422. (See U.S. Bureau of the Census 1997, p. 297.)
3The terms school district and community are used interchangeably here.
4Pollowing the conventional approach in estimating a U-shaped average cost
curve, a squared term for the variable "district enrollment" was included in the model
initially but was omitted when the coefficient was found to be statistically insignificant.
SIn order to check for omitted variable bias, several other explanatory variables
were added to the model, such as property tax per student, proportion of students needing
special assistance, percentage of district population with high school diploma, or with a
B.A. degree. Following a stepwise regression analysis, coefficients on these variables
were found to be insignificant.
6Por a detailed derivation of the coefficients of reduced form expenditure function
from cost function, readers should consult the article by Downes and Pogue (1994).

7In order to test the combined effect of district size and number of schools on the
dependent variable which might have explained the reduction of the level of significance
of the latter variable, we used the decomposition test for sample variation of the
dependent variable, suggested by Kmenta (1986). The joint effect of these two variables
is separated by decomposing the squared sum of residual (SSR). While individual
contiribution of district size appeared stronger than number of schools, their joint
contribution to SSR is found to be weak.
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VIII. APPENDIX

A. Procedure 1
Initially we used White's test for heteroscedasticity and the Durbin-Watson test
for autocorrelation separately for the cost and expenditure functions on the pooled
regressIon. While we do not find any evidence of autocorrelation in either function, they
were found to be heteroscedastic. The results from the OLS estimation of the cost and
expenditure functions corrected for the heteroscedasticity are reported in Table A-I. All
coefficients for both functions have the expected signs and, except for graduates per
student, are significantly at the 5% or lower probability level.

TABLE A-I
Pooled Regression Equations Corrected for Heteroscedasticity and Autocorrelation

Variables

Cost Function

Constant

-14.210*
(-11.799)
0.059
(0.639)

Ln(proportion of students graduating

Expenditure Function

1.828*
(19.172)
-0.260*
(-9.326)
0.231 *
(6.293)
1.976

0.205*
(3.001)
1.493*
(9.321)
-0.289*
(-11.760)
0.271 *
(8.220)
1.788

0.8308

0.8469

Ln(per capita income)
Ln(average 20-year teacher salary
Ln(students in district)
Ln(number of schools)
Variance (E'E)
R-Squared

-11.528
(-7.191)

t-statistics are shown in parentheses.
*-indicates that the estimated coefficient is significant at or below the 5% level.
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B. Procedure 2
Typical panel data involve observations on several school districts, each observed
at several points in time. However, in this study 40 school districts were observed for
three separate years. Treating all cross-sectional units in each year under study as a
group, we tested the cost and the expenditure functions for groupwise heteroscedasticity
and cross-sectional correlation assuming that disturbances are nonautocorrelated. Using
the Wald and likelihood ratio tests, we fail to reject the null hypothesis of
homoscedasticity in either function. The LR test for cross-sectional correlation indicates
that both functions are cross-sectionally correlated. The results from the test for
groupwise homoscedasticity and cross-sectionally correlation are reported in Table A-2.

TABLE A-2
/

Regression Equations Corrected for Groupwise Heteroscedasticity and
Cross-Sectional Correlation

Variables

Cost Function

Constant

-13.329*
(-9.327)
0.039
(0.846)

Ln(proportion of students graduating

Expenditure Function

Ln(per capita income)
Ln(average 20-year teacher salary
Ln(students in district)
Ln(number of schools)
Loglikelihood Function

1.761 *
(15.823)
-0.255*
(-12.019)
0.220*
(6.652)
78.532

t-statistics are shown in parentheses.
*-indicates that the estimated coefficient is significant at or below the 5% level.

-11.355
(-7.703)

0.182*
(3.508)
1.494*
(11.268)
-0.282*
(-13.252)
0.257*
(7.831)
83.831
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c.

Procedure 3

Relaxing the assumption of nonautocorrelation, we estimated the cost and
expenditure functions allowing for groupwise heteroscedastic and correlated with
common autocorrelation. If the number of time series is small, as in our case, Greene
(1993) suggested that this assumption of common autocorrelation would improve the
small sample performance of the coefficient estimates. Based on the Wald and LR tests,
both the cost and the expenditure functions are found to be heteroscedastic. The LM test
rejects the hypothesis for common autocorrelation in both the cost and the expenditure
functions. We re-estimate the models allowing for groupwise homoscedasticity and
group-specific autocorrelations, the results are reported in Table A-3.

TABLEA-3
Regression Equations Corrected for Groupwise Heteroscedasticity and Correlated
With Group-Specific Autocorrelation for Cost and Expenditure Function

Variables
Constant
Ln(proportion of students graduating

Cost Function

Expenditure Function

-13.294*
(-9.225)
0.036
(0.644)

Ln(per capita income)
Ln(average 20-year teacher salary
Ln(students in district)
Ln(number of schools)
Loglikelihood Function

1.759*
(15.688)
-0.254*
(-12.102)
0.217*
(6.642)
118.638

t-statistics are shown in parentheses.
*-indicates that the estimated coefficient is significant at or below the 5% level.

-11.194*
(-7.454)

0.180*
(3.491)
1.482*
(11.064)
-0.281 *
(-13.258)
0.255*
(7.798)
84.191
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